IT'S A SMALL WORLD
It's now ten years or so since Affymetrix of Santa Clara, California, first began selling commercial DNA microarrays. In that time, complete or partial sequences of numerous genomes, including human, have been deposited in the public databases. Coupled with recent improvements in microarray technology, this development is propelling microarrays into areas of application that extend well beyond gene-expression analysis.
It is also now generally accepted that new insights will not be gained simply by acquiring more and more gene-expression data, and that it is no longer sufficient to focus on the 25,000 or so protein-coding genes that make up roughly 2% of the human genome. Exploring the role and diversity of non-coding RNAs is equally important.
Ten years on, Affymetrix still dominates the high-density DNA microarray market. But new players have entered more recently, hoping to carve out a niche in new and emerging areas such as splice-variant or microRNA analysis (see 'It's a small world'). Others are differentiating themselves by leveraging their more flexible methods of array synthesis and offering custom-made microarrays for the human genome and a whole host of model organisms.
As a general rule of thumb, there are three key things to look out for when it comes to assessing DNA microarray platforms: feature density per array, flexibility (how easy it is to change the array content and design), and sensitivity. CombiMatrix of Mukilteo, Washington, an operating group of Acacia Research Corporation, concentrates on designing and manufacturing relatively low-density custom microarrays containing up-to-date content. Last month the company began offering its 4 ǂ2K customized microarrays for US$99, produced using its semiconductor-based in situ oligonucleotide synthesis method. The 4 ǂ2K CustomArrays contain four arrays of 2,240 oligonucleotide features per slide with a 44-Ȗm feature size. CombiMatrix plans to offer its first high-density array early in 2006, which will have 90,000 features and a 25-Ȗm feature size.
"We're custom, quick, flexible and costeffective, " says Michael Tognotti, vice-president of sales and marketing at CombiMatrix. There are no minimum order requirements for these arrays, which Tognotti says can be reused up to three times, further driving down costs for researchers.
Tiling technology
But companies such as Affymetrix see less of a need for customization now that it can put whole genomes on a chip. "Affymetrix, as a result of continually shrinking the feature size, has made it practical to do experiments where 
MICROARRAYS MOVE DOWNSTREAM
we look across the entire genome without bias, " says John Blume, vice-president of RNA products at Affymetrix.
The development of tiling arrays marked a departure from the way DNA microarrays had traditionally been designed. Rather than containing probes just for known or suspected functional regions, tiling arrays can be used to interrogate, or 'tile' across, the genome in an unbiased fashion, by means of probes spaced at regular intervals along the genome.
Tiling microarrays can be used for the genome-wide study of gene regulation, specifically to map sites of transcription-factor binding, chromatin modification, DNA methylation and chromosomal origins of For those on a budget, TeleChem International offers the 10-Ȗm resolution SpotLight microarray scanner. Rather than using lasers and photomultiplier tubes, as in most traditional scanners, the SpotLight uses 'cool' excitation technology that is optimized for two-colour detection (Cy3 and Cy5). Optional filter sets are available for fluorescein, rhodamine, allophycocyanin, ethidium bromide, the Alexa dyes and several green fluorescent protein variants. Scanning solutions are also available from established scanner manufacturers including arrayWoRxe from Applied Precision of Issaquah, Washington, GenePix from Molecular Devices of Sunnyvale, California and ProScanArray from Perkin Elmer.
CombiMatrix is developing an electrochemical detection (ECD) method to read its semiconductor-based microelectrode arrays, as an alternative to fluorescence. The company hopes to develop a smaller, less expensive detection system that will provide better performance than fluorescence-based systemsthe only method so far to be commercially successful. A prototype is in beta testing and a commercial product is expected next year. CombiMatrix hopes to corner the molecular diagnostics market with a handheld version.
Options are also available for researchers who want to print their own microarrays (see 'On the hardware front' , page 1198).
Comparative genomic hybridization
For the best part of a decade, the microarray market has been dominated by gene expression. "But gene expression is not the most
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replication. This month, Affymetrix will launch a set of seven arrays, each with 6.5 million probes and a 5-Ȗm feature size, to tile across the entire human genome at 35-basepair (bp) resolution. Tiling arrays for several model organisms, including Arabidopsis, Drosophila, Saccharomyces cerevisiae and Schizosaccharomyces pombe, are planned.
"Affymetrix will continue to innovate with respect to feature size. We don't think 5 [Ȗm] is the end, " says Blume.
The highest-density arrays from Agilent Technologies of Palo Alto, California, have 44,000 features. The company is about to launch its nextgeneration ink-jet printing platform for the non-contact in situ synthesis of 60-mer oligonucleotide probes on glass slides. With the new instrument, which will not be sold commercially, "we think that we can get about an order of magnitude higher density in the span of about two years, " says Scott Cole, head of genomics marketing at Agilent.
Scanning to size
The ever-shrinking feature size on highdensity microarrays must also be coupled with improvements in scanning technology. This summer Affymetrix launched the new GeneChip Scanner 3000 7G with a scanning resolution in the sub-micrometre pixelation range, and which can scan features ranging in size from 2.5 to 0.51 Ȗm. The scanner supports all high-resolution GeneChip products for tiling, all-exon and single-nucleotide polymorphism genotyping research. demanding thing you can do with a microarray, " says Emile Nuwaysir, vice-president of business development at NimbleGen of Madison, Wisconsin. Other microarray applications are now coming to the fore "that even have the potential to eclipse gene expression", he says. One such area is array-based comparative genomic hybridization (CGH), which can provide a robust and accurate platform for routinely mapping chromosomal imbalances at exon-level resolution.
Several companies now offer microarraybased products and services for identifying and characterizing gains and losses of genomic regions that lead to copy-number changes in genes and regulatory regions. Such changes are thought to underlie diseases such as cancer and many congenital disorders. "To be able to see in the full complexity of the human genome that small change in signal is very demanding, and commercial arrays weren't capable of doing it five years ago, " says Nuwaysir.
Unlike some array-based CGH products that use a gene-centric design, NimbleGen's human whole-genome array CGH platform is a single array with 385,000 probes tiled throughout the human genome every 6,000 bp. The company's customized fine-tiling CGH arrays contain the same number of probes as the whole-genome CGH array but tiled at higher resolution in chromosomal regions selected by the researcher. Here the probes can be spaced as densely as every 10 bp.
"We're the only company that combines the benefits of high-density, long oligo arrays and the ability to change the design whenever you want, " says Nuwaysir. NimbleGen also hopes that an isothermal probe-selection strategy will set it apart from the competition. Rather than fix the oligo length, as most companies do, NimbleGen fixes their melting temperatures at 76 °C across the entire set. As such, says Nuwaysir, the probes are optimized to perform equivalently in all genomic regions, including AT-and GC-rich regions.
Agilent introduced an updated version of its microarray-based CGH platform in August. The company already offers a microarray for the genome-wide scanning of chromosomal gains and losses on a single chip. Now, researchers will be able to tap into Agilent's database of approximately 4 million validated CGH probes and use its web-based DNA microarray design tool, eArray, to create custom CGH microarrays for high-resolution tiling of regions of interest. The company also recently launched a single-slide CGH microarray for the genome-wide profiling of DNA copy-number changes in mouse.
Location, location, location
A second expanding research area now being adapted to a microarray format is chromatin immunoprecipitation (chIP) analysis. Also referred to as 'location analysis' , chIP followed by microarray analysis of the immunoprecipitated genomic DNA, the so-called chIP-chip methodology, can be used to identify the binding sites on chromosomes for DNA-binding proteins such as histones, polymerases and transcription factors, as well as studying DNA modification and chromatin-remodelling.
NimbleGen offers a microarray service for chIP-chip analysis. Researchers can either select from off-the-shelf array designs, which include a whole-genome survey set with 390,000 features per array and two array designs aimed at known promoter regions, or can create their own customized tiling chIP-chip arrays tailored to particular genomic regions. NimbleGen is also pushing the idea of array re-use, and currently guarantees three-time use of its chIP-chip products. "Our goal is to have a platform that is ten times re-usable in the next cycle, " says Nuwaysir.
Agilent has also thrown its hat into this particular ring and launched its own chIPchip platform last month for analysing activity at regulatory genomic regions. In the future it expects to offer a variety of custom and catalogue ChIP-chip products, as the company acquired Computational Biology of Cambridge, Massachusetts, in January. This firm was founded by Richard Young of the Whitehead Institute at the Massachusetts Institute of Technology in Boston and has key intellectual property in this area. In a recent publication in Cell, Young's group used a chIP-chip approach to produce high-resolution genome-wide maps of acetylation and methylation in yeast.
Splice-variant analysis
Microarray analysis may have produced a mountain of gene-expression data but the contribution of alternative splicing has largely been overlooked until now. The market for 1197 Microfluidics: Metrigenix's TipChip platform for RNA and DNA.
splice arrays is now heating up, and companies such as ExonHit of Paris, France, and Jivan Biologics of Berkeley, California, are focused entirely in this area.
Most human genes are thought to undergo alternative splicing, the process by which individual genes can produce multiple messenger RNA and protein products. These socalled splice isoforms can have different, and even opposing, functions in the cell. With the recent commercial availability of splice-variant arrays, traditional gene-by-gene studies of alternative splicing are now taking a back seat to genome-wide methods. Further study in this area should provide a better -and more complete -understanding of the functional relevance of splice variants and of disease mechanisms.
ExonHit offers its SpliceArrays on a service basis, but from this September they can also be purchased directly from Agilent. Validation of the ExonHit approach, which involves the use of both exon-and junction-derived probes to follow every splice event associated with a given gene, was featured in a recent publication in Nucleic Acids Research.
The company offers both custom and catalogue SpliceArrays focused on specific gene families that are of particular therapeutic interest -cytokine and apoptosis pathways, nuclear receptors and co-regulators, Gprotein-coupled receptors (GPCRs) and ion channels. "We are also in the process of expanding our line into mouse, " says Laurent Bracco, ExonHit's vice-president of research and technology development, with products expected around the turn of the year.
Jivan has been working in this area for the past four years and offers its suite of TransExpress splice-variant microarrays, which are manufactured by Agilent. The company's products include a genome-wide splice-variant array and a suite of arrays focused on gene families such as cytochrome P450, GPCRs, ion channels, kinases, phosphatases, phosphodiesterases, proteases and proteinases. Unlike ExonHit, Jivan's splice arrays do not include exon probes. "Exon probes are neither necessary nor sufficient to measure RNA splicing and so we do not include them in our Trans Express product line. Using junction probes, however, all splicing events can be detected, " says Jonathan Bingham, Jivan's chief technology officer. The company also makes arrays to user specifications, and now offers a splicevariant microarray service through MOgene of St Louis, Missouri. "The next product will be an oncology array consisting of about 2,000 genes implicated in cancer along with their splice variants, " says Bingham.
At the high-density end of the market, earlier this month Affymetrix rolled out its exononly array with a million exons on a single chip. This Human Exon 1.0 ST (sense target) array offers whole-genome, exon-level expression profiling on a single array and includes all annotated exons, as well as computationally predicted and empirically identified exon content. As such, the company says, researchers will be able to study known splicing events, as well as discover novel splice variants. GeneChip mouse and rat exon arrays are planned for later this year.
Microarrays are now a widely used technology for studying gene expression and regulation on a global scale and at high-throughput. 
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ON THE HARDWARE FRONT
Desktop DNA synthesis from CombiMatrix.
